Diffuse nitrate (NO 3 ) contamination from intense agriculture adversely impacts freshwater ecosystems, and can also result in nitrate concentrations exceeding limits set in drinking water regulation, when receiving surface waters are used for drinking water production. Implementation of near-natural mitigation zones such as reactive swales or wetlands have been proven to be promising measures to reduce nitrate loads in agricultural drainage waters. However, the behavior of these systems at low temperatures and its dependence on system design has not been well known until now. In this study, the behavior of a full-scale (length: 45 m) reactive swale treating drainage water from an agricultural watershed in Brittany (France), with high nitrate concentrations in the receiving river, was monitored for one season (6 months). As flow in this full-size field system is usually restricted to winter and spring months (December-May), it usually operates at low water temperatures of 5-10 W C. Tracer tests revealed shorter than designed retention times due to high inflows and preferential flow in the swale. Results show a correlation between residence time and nitrate reduction with low removal (<10%) for short residence times (<0.1 day), increasing to >25% at residence times >10 h (0.4 day). Performance was compared to results of two technical-scale reactive swales (length: 8 m) operated for 1.5 years with two different residence times (0.4 and 2.5 days), situated at a test site of the German Federal Environmental Agency in Berlin (Germany). Similar nitrate reduction was observed for comparable temperature and residence time, showing that up-scaling is a suitable approach to transferring knowledge gathered from technical-scale experiments to field conditions. For the design of new mitigation systems, one recommendation is to investigate carefully the expected inflow volumes in advance to ensure a sufficient residence time for effective nitrate reduction at low temperatures.
INTRODUCTION
Agriculture is widely regarded as the most important diffuse source of nutrients in surface waters (Di & Cameron ; EPA ; EEA ). The wash-out of fertilizer and pesticides via surface run-off or subsurface leaching into drainage systems which discharge into surface waters presents an increasing risk for drinking water production and biodiversity in rivers and lakes. Despite efforts to reduce this pollution by changed agricultural practices (i.e. by limiting fertilization and pesticide application), high concentrations of nitrate (NO 3 ) and pesticides in rural rivers remain a concern (e.g. Water samples were regularly (every 1-2 weeks) taken as grab samples at inflow and outflow of the site. General water quality parameters (temperature, oxygen content, pH, conductivity, redox conditions) were measured on-site using a YSI multiprobe meter. Cooled samples were sent the same day to an accredited laboratory and analysed for nitrate (NO 3 ), nitrite (NO 2 ), ammonium (NH 4 ), phosphate (PO 4 ) and dissolved organic carbon (DOC).
Technical-scale reactive swale
Results from the field-scale system described above were 
RESULTS AND DISCUSSION
The water quality of the inflowing water at the full-size ), and low concentrations of other nitrogen forms (e.g. ammonium, nitrite), DOC and phosphate (see Table 1 and Figure 3 ). Inflow water temperature varied between 6 and 11 W C (Figure 3 ), as the flow was usually restricted to winter and spring months (December-May).
While temperatures were below 9 W C during most of the monitoring, they increased in springtime after mid-April. As low temperatures negatively affect microbial processes, the temperature range observed at both sites was likely to have limited denitrification performance. Table 1 together with inflow Inflow (mean) ± SD 54.2 ± 4.7 0.06 ± 0.06 0.11 ± 0.09 2.4 ± 0.7 0.16 ± 0.07 364 ± 29 81 ± 14 9.3 ± 1.7 7.3 ± 0.3
Outflow (mean) ± SD 47.6 ± 12.0 0.08 ± 0.12 0.15 ± 0.17 2.9 ± 0.7 0.10 ± 0.05 354 ± 7 7 2± 18 9.0 ± 2.0 7.2 ± 0.3 
CONCLUSIONS
The full-size reactive swale constructed in a former drainage ditch as a special form of near-natural mitigation system, receiving inflow from nearby agricultural fields, was successfully operated and monitored for 6 months in its third year 
